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SUMMARY 

An investigation was conducted to study the effects of liquid- 
fuel distribution on combustion performance of a single turbojet- 
engine combustor operating with liquid MEL-F-5624 fuel. The MIL-F-5624 
fuel was injected with simplex and duplex pressure-atomizing nozzleB 
and four solid-stream fuel distributors. Altitude operational limits 
and attendant combustion efficiencies and the effects of combustor 
inlet-air variables on combustion efficiency were determined. Gaseous- 
fuel-distribution data were available from a previous investigation 
for the same combustor and, hence, the effect of fuel state on perform- 
ance was obtained by comparison. 


Distribution of liquid fuel within the primary combustion zone 
of the combustor affects altitude operational limits and combustion 
efficiency, but to a lesser degree than doeB gaseous-fuel distri- 
bution. Gaseous fuel provided higher altitude operational limits 
and efficiencies than liquid fuel. 

* 


INTRODUCTION 

Research is being conducted at the MCA Lewis laboratory to 
obtain information on the relative importance of various factors 
affecting the altitude performance of combustors for aircraft tur- 
bine engines. Part of this research is intended to provide informa- 
tion on the combustion characteristics of liquid and vapor hydro- 
carbon fuels and particularly to show whether vapor fuels have 
inherently better characteristics than liquid fuels when injected 
into a ccsnbustor operating at altitudes where the inlet-air condi- 
tions are adverse to combustion. 
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Previous reports (references 1 and 2) show that liquid-fuel com- 
bustion is detrimentally affected by increasing altitude. This 
altitude effect is, in part, attributed to the lack of rapid attain- 
ment of proper fuel-air mixtures in the primary combustion zone at 
high-altitude conditions. In these combustors, the fuel was injected 
by pressure-atomizing nozzles and vaporization occurred from the sur- 
face of the liquid-fuel droplets so formed. - In this manner the liquid 
fuel was distributed, vaporized, and mixed with air before combustion 
occurred. Quen ching by dilution air limited the residence time avail- 
able for complete combustion. 

Vapor fuel should provide a combustible fuel -air mixture in the 
primary combust! on zone more rapidly than liquid fuel because the time 
requirement of vaporization is eliminated. Consequently, the com- 
bustion performance of vapor fuel should be superior because the fuel 
enjoys a longer residence time in the combustion zone while in the 
vapor state. 

In order to draw any conclusions regarding the importance of fuel 
state, the effect of fuel distribution with both liquid and vapor fuels 
must first be appraised. A previous report (reference 3) presents the 
results of an investigation concerning the effect of fuel-air distri- 
bution on combustion characteristics with vapor fuel. The present 
report presents data showing the effect of liquid fuel distribution on 
combustion performance. The data were obtained by operation of a single 
tubular combustor with liquid MIL-F-5624 fuel, and variation in fuel 
distribution in the combustion zone was accomplished by the use of six 
fuel-injector designs. The combustion characteristics were evaluated 
by (l) dete rmining the altitude operational limits and attendant com- 
bustion efficiencies, and (2) determining the effects of inlet-air 
pressure, temperature, and velocity on combustion efficiency at stand- 
ard inlet-air conditions . of 620° R and 15 pounds per square inch 
absolute. The liquid-fuel performance so determined is compared with 
the previously reported gaseous -fuel performance. Observations regard- 
ing the carbon -fo rming tendencies, stability, and ignition characteris- 
tics are also included. 


APPARATUS AND INSTRUMENTATION 
Equipment 

The investigations were conducted in a sirigle combustor frem a 
J35-C-3 turbojet engine. The combustor was connected to the laboratory 
air supply, as shown diagrammatically in figure 1} air quantity 
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and pressure were regulated by remote-control valves upstream and down- 
stream of the combustor. The desired inlet -air temperature was obtained 
by burning a portion of the air with gasoline in a preheater and then 
mixing it uniformly with the rest of the air upstream of the combustor. 
The effect on the constituents of the inlet air due to the added products 
of combustion is discussed in reference 1. The exhaust gases were cooled 
by water sprays in the exhaust ducting. 

The combustor-inlet section and the combust or itself were furnished 
by the manufacturer. The inlet and outlet ducts were fabricated to 
simulate the dimensions and contours of corresponding engine ducts. The 
combustor outer wall was reinforced with metal bands to eliminate struc- 
tural failure at the low interior pressures investigated. Observation 
windows were located axially along the combustor to permit visual obser- 
vation of combustion. 


Instrumentation 

The number of instruments at each of the instrumentation planes 
shown in figure 1 are as follows: 


Type of instrument 

Instrumentation plane 

2 

3 

4 

5 

One-thermocouple rake 

2 



3 

Three-tube total-pressure rake 

3 




Five -thermo couple rake 


7 



Five-tube total -pres sure rake 



7 


Static-pressure orifice 

1 

1 

1 



All temperature and total -pressure measurements were taken at the 
centers of equal areas. Instrumentation plane 2 is located at the com- 
bustor inlet, which has a cross-sectional area of 0.159 square foot; 
instrumentation plane 3 is at the combustor outlet, where the cross- 
sectional area is 0.262 square foot. Locations of the points of mea- 
surement at the respective instrumentation planes are shown in figure 2, 
and the instrumentation details are shown in figure 3. Air -flow rate 
was metered by a square-edge orifice installed according to A.S.M.E. 
specifications; temperatures were indicated by self-balancing poten- 
tiometers; and liquid-fuel flow rate was indicated by a calibrated 
rotameter. 
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Fuel and Fuel Injectors 


The MH-F-5624 fuel used in this investigation had the following 
characteristics as deter min ed by standard A.S.T.M. methods: 


Boiling 

range 

(°F) 

Reid vapor 
pressure 
(lb/sq. in.) 

Specific 
gravity 
60°/ 60° F 

Hydrogen- 

carbon 

ratio 

Net heat- 
ing value 
(Btu/lb) 

Aromatics 
(percent by 
volume) 

Olefins 
(percent by 
volume) 

106-556 

7 

0.738 

0.179 

18,900 

10 

2.5 


The fuel was injected through various fuel-injector devices after pass- 
ing through a 200 -mesh filter screen that removed foreign matter. The 
duplex-type pressure -atomizing nozzle and flow-divider apparatus are 
standard for the J35-C-3 ehgine. The different injectors that were 
installed in the combustor in the same relative position as the duplex 
nozzle, are: 

Simplex injector. - The standard duplex-type nozzle was modified by 
removing the internal parts and replacing the end of the nozzle housing 
with a l/2 -inch-diameter standard pipe coupling machined to the same 
outer diameter as the nozzle, and the simplex-type nozzle was attached 
with a suitable reducer.. The simplex-type nozzle was a constant -area 
single-orifice pressure -atomizing nozzle having a 21.5-gallon-per-hour 
capacity, rated at 100 pounds per square inch pressure differential, 
and a 60°-angle hollow-cone spray. 

"Spoke” injector. - A l/2-inch pipe nipple was attached to the 
modifled-duplex housing already described, and eight l/4-Inch-diameter 
tubes were arranged as radial spokes on the nipple. Five 0.0135-inch- 
diameter holes were drilled in each tube to inject fuel at centers of 
equal areas. A diagrammatic sketch of this injector is shown in 
figure 4(a) . 

Tube "A" injector. - A stainless-steel 3/4 -inch -diameter tube was 
drilled with forty 0.0135-inch -diameter holes to provide the same total 
port area as the "spoke" injector, and the holes were evenly spaced 
circumferentially at predetermined lengths from the upstream end of the 
tube to maintain the same proportion of total fuel -port area to total 
primary- zone -hole area. The primary-zone-hole area was considered to 
be the upstream one-fourth of the total hole area of the liner. In this 
manner the fuel-port area was matched with the air-hole area in an 
attempt to provide approximately stoichiometric fuel-air mixtures along 
the combustion zone. The exact fuel-air proportions at any given place 
in the combustion zone were not calculable because the discharge coef- 
ficients of the air and fuel ports were not accurately known, because 
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the amount of air carried upstream by the backflow eddies from the 
dilution to the primary combustion zone was not known* and because the 
fuel diffusion rates were not known. A diagrammatic sketch of this 
injector is shown in figure 4(b) . 

Tube "B" injector. - The tube "B" injector was geometrically sim- 
ilar to the tube "A" injector* but the linear hole distribution pattern 
was reversed by turning end-for-end the injector tube* as shown in fig- 
ure 4(c). The fuel distribution produced by this injector tube was 
exactly opposite that of tube "A” with reference to linear distance 
along the combustion zone. 

Tube "C" injector. - The sta inl ess -steel 3/4-inch -diameter tube was 
drilled with forty 0.0135 -inch -diameter holes evenly spaced along the 
length of the tube to provide a linear fuel distribution along the com- 
bustion zone. A diagrammatic sketch of this injector is shown in 
figure 4(d) . 


PROCEDURE 

The combustion performance was studied by (l) determining altitude 
operational limits and combustion efficiencies at various simulated- 
flight conditions* and (2) determining the influence of combustor- inlet 
air-pressure* temperature* and velocity on combustion efficiency and 
temperature rise at the standard inlet -air conditions of 620° R and 
15 pounds per square inch absolute. These determinations were made 
with liquid MEL-F-5624 fuel and with the following fuel-injection 
devices: standard duplex-type nozzle* simplex -type nozzle* "spoke" 

injector* tube "A" injector* tube "B" injector* and tube "C" injector. 

Estimated combustor inlet -air conditions and combustor outlet-gas 
temperatures corresponding to zero-ram operation of the engine at var- 
ious altitudes and rotor speeds were obtained from the engine manu- 
facturer and are shown in figure 5. These performance curves were used 
to establish the combustor operating conditions necessary to simulate 
engine operation at any desired altitude and rotor speed. Details of 
the operational methods and data-recording procedures are described in 
reference 2 . 

With the use of charts given in Reference 4* the combustion 
efficiency was computed as the ratio of the measured enthalpy rise 
across the combustor to the heating value of the fuel. Air refer- 
ence velocity values were computed from the cross-sectional 

area of the' combustor flow passage (0.48 square foot)* the inlet-air 
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density,, and tlae total alr-flcw rate. The thermocouple indications were 
taken as true values of total temperatures with no corrections made for 
stagnation or radiation effects. 


RESULTS AND DISCUSSION 
Altitude Limits and Combustion Efficiencies 

The data obtained with the various liquid -fuel injection devices 
are su mm a r ized in table I. The test runs labeled "no combustion" are 
those in which repeated attempts produced no burning at any fuel flow. 
Altitude operational limits of the single tubular combustor are pre- 
sented in figure 6 for each fuel Injector investigated. Each curve 
separates the region where sufficient combust or -outlet t emp eratures 
are attainable from the region where the maximum attainable outlet 
temperatures are insufficient for nonaccelerating operation of the 
engine. A comparison of the altitude operational limi ts obtained is 
shown in figure 7. ' Variation of combustion efficiency with inlet -air 
pressure, temperature, and reference velocity is shown In figures 8, 

9, and 10, respectively. The original data (table I) were taken at a 
series of fuel-air ratios for each inlet-parameter value studied, and 
the curves of figures 8 to 10 were cross -plotted at 650° and 1200° E 
combustor temperature rise from those data. 


Liquid-Fuel Distribution 

The following discussions are based' on performance comparisons 
obtained at conditions where the combustor -Inlet values are such tha t 
any performance differences that do exist are of sufficient magnitude 
to be significant. 

There exists a difference, other than fuel distribution, between 
the pressure -atomizing nozzles and the solid-stream fuel in jectors 
studied. The pressure -atomizing nozzles produced smaller fuel drops 
than those that resulted from the disintegration of a solid fuel stream 
as It mixed with the primary air. These smaller drops gave higher 
rates of vaporization, and thus allowed more time for mixing and com- 
bustion. For this reason these two types of fuel injection will be 
considered separately. 

Pressure -atom! zing nozzles. - The two pressure-atomizing nozzles 
gave approximately the same altitude operational limits (fig. 7), and 
their combustion efficiency performances showed no consistent differ- 
ences (figs. 8, 9, and 10) . Inasmuch as the two nozzles differ in 
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fuel-spray characteristics, with the duplex providing atomization over a 
larger range of fuel flows than the simplex, the lack of consistent 
combustion- efficiency values is understandable. 

Solid-stream injectors. - The altitude operational limits (fig. 7) 
of the tube "A" injector were 5000 to 8500 feet higher than those of 
the best of the other three solid-stream injectors except at the highest 
si m ulated rotor speeds. Tube "B" gave operating limits nearly identical 
to those for tube "A" at rotor speeds above 80-percent rated. The 
“spoke" injector, although quite inferior at intermediate s imula ted 
rotor speeds, gave limits 5000 feet above those for tube "A" at 104 per- 
cent normal rated speed. Variation in liquid fuel distribution as 
provided by the fuel injectors studied does affect altitude operational 
limits, but the effect becomes small at the highest engine rotor speeds 
where the engine normally operates. A possible explanation of this 
rotor-speed effect is that the inlet-air temperature and the temperature- 
rise requirement have a wide range of values throughout the engine rotor 
speeds investigated. The high inlet -air temperatures encountered at the 
high rotor-speed conditions vaporize the liquid fuel more rapidly n- n^ 
may thus diminish the effect of liquid-fuel distribution on altitude 
operational limits. Similarly, the hi gh temperature -rise requirement 
demands a larger fuel flow rate, which may decrease the differences in 
fuel-injection characteristics of the several injection devices. 

• 

The combustion efficiencies (figs. 8, 9, and 10) of tube “A" were 
generally above those of the other stream injectors at the 1200° F 
temperature -rise condition. At the 650° F temperature -rise condition, 
however, tube "B" was generally best and gave efficiencies at times 
8 percent above those for tube “A". Comparison of the altitude oper- 
ational limits and combustion-efficiency performance of the- four stream 
injectors studied shows that tube "A" provided the best over-all per- 
formance. This result indicates that the optimum fuel distribution is 
one which proportions the fuel with the incoming air to give approxi- 
mately stoichiometric mixtures . This conclusion is not strongly borne 
out by the data, because tube "B" gave better efficiency than tube "A" 
at some operating conditions and because the differences in perfor man ce 
of the better injectors were not great at most conditions of operation. 

The "spoke" injector provided the lowest combustion efficiencies 
of all the injection devices studied. The poor performance shown by 
this injector is believed to be due to overrich fuel-air ratios existing 
in the immediate upstream end of the primary zone. As a result, the 
proper fuel-air mixture is not obtained rapidly enough in the primary 
zone to allow the establishment of a stable flame in the upstream enfl 
of the combustor. 
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Fuel State 

Altitude operational limits of tlie single tubular combustor are 
presented in figure 11 for both liquid and gaseous fuels. The gaseous - 
fuel data are taken from reference 3. These curves represent the best 
and the poorest performance limits obtainable with both liquid and 
gaseous fuels for all the solid-stream fuel patterns studied. Combus- 
tion efficiencies obtained with. both liquid and gaseous fuels operating 
with the same fuel injectors as for figure 11 at various inlet-air 
pressures, temperatures, and velocity values are shown in figures 12, 
13, and 14. 

The highest limits, by 6000 to 10,000 feet, were obtained with 
gaseous -propane fuel and a tube injector. The lowest limits were 
obtained also with gaseous fuel and a single-port injector. The wide 
dispersion of limit curves obtained with gaseous fuel shows that fuel 
distribution has a greater effect on operational-limit performance with 
gaseous fuel than with liquid fuel. 

The combustion-efficiency performance with both fuels (figs. 11, 
12, and 13) shows that ,tbe gaseous -fuel injection (tube and single 
port) provided higher efficiencies than the liquid-fuel injectors at 
most of the conditions investigated. This result indicates that the 
finite time required for fuel vaporization, which would reduce the time 
available for combustion, has a measurable effect on combustion per- 
formance . 

From the data presented herein, the conclusion may be reached that 
vapor fuel, properly supplied to a combustion chamber, will give higher 
efficiencies . and higher altitude operational limits than liquid fuel) 
this conclusion must be regarded as tentative because only a limited 
number of fuels and fuel-injection devices have been investigated. 
Further, this study has not included the problem of vaporizing liquid 
fuel for a vapor -fed combustor. 


Miscellaneous Observations 

The tube "B" and tube "C" fuel distributions produced rather 
violent combustion pulsations at al l fuel-air ratios, and blow-out 
frequently occurred even while operating at high combustion efficiency. 
Special spark-plug electrode designs were necessary to initiate combus- 
tion with the fuel distribution produced by the solid-stream injectors. 
The electrodes of these plugs were extended. 3 to 4 inches and bent to 
place the electrode gap in a fuel-rich part of the primary zone. No 
appreciable carbon deposits were formed in the combustion c h a mb er, 
except that a noticeable scale-like film having a tendency to flake was 
formed on the tube injectors. 


2123 



2123 


2 


NACA EM E51B21 


9 


SUMMARY OF RESULTS 

The results obtained, in the investigation of the effect of liquid, 
fuel distribution and. fuel state on combustion performance in a single 
tubular combustor from a 4000-pound-thrust turbojet engine are summa- 
rized as follows: 

1. Distribution of liquid fuel within the primary zone of the com- 
bustor affected, performance with relation to altitude operational 
limits , but the effect became small at the highest engine rotor speeds. 
Fuel distribution had a greater effect on performance with gaseous 
fuel than with liquid fuel. 

2. Of the solid-stream injectors investigated, the best over -all 
performance was obtained with the tube injector that admitted the fuel 
through holes matched with the distribution of primary air holes in 
the combustor liner so as to provide approximately stoichiometric 
proportioning of fuel and air along the length of the combustor. 


CONCLUDING REMARKS 

Vapor fuel properly supplied to the combustor gave higher efficien- 
cies and altitude operational limits than liquid fuel for the types of 
fuel and fuel distribution investigated. This indicates that the process 
of fuel vaporization is an important combustor function influencing 
combustion performance at high altitudes. It should be pointed out that 
a limited number of fuel-distribution patterns were investigated and, 
further, that methods of providing for prevaporization of liquid fuel 
were not studied. Future development of fuel-injection technique may 
provide better combustion performance with liquid fuels. 


Lewis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 



MCA RM E51B21 


REFERENCES 

Childs, J. Howard, MeCafferty, Richard J., and Surine, Oakley W. : 
Effect of Combustor -Inlet Conditions on Performance of an Annular 
Turbojet Combustor. MCA Rep. 881, 1947. (Formerly MCA 
TN 1357.) 

MeCafferty, Richard J. : Effect of Fuels "and Fuel-Nozzle Character- 

istics on Performance of an Annular Combustor at Simulated Alti- 
tude Conditions. MCA RM E8C02a, 1948. 

MeCafferty, Richard J. : Vapor -Fuel-Distribution Effects on Combus- 

, tion Performance of a Single Tubular Combustor. MCA RM E50J03, 
1950.- 

Turaer, L. Richard, and Bogart, Donald: Constant-Pressure Combus- 

tion Chart Including Effects of Diluent Addition. MCA Rep. 937, 
1949. (Formerly MCA TNs 1086 and 1655.) 



2123 


HACA EM E5U321 


11 


TABLE I - PERFORMANCE DATA FROM COMBUSTOR OPERATING WITH LIQUID KL-F-S624 FUEL IHJECTED.BY SEVEiAL BIFPEREHT METHODS 

(a) Duplex injector 


Point 

Simulated 

Simulated 

Combustor- 

Combustor- 

Air 

Combustor 

Fuel 

Fuel- 

Mean 

Mean ten- 

Combustion 


engine 

altitude 

inlet 

inlet 

flow 

reference 

flow 

air 

combustor 

perature 

efficiency 


speed 

(ft) 

static 

tempera- 

(lb/sec) 

velocity • 

(lb/br) 

ratio 

outlet 

rise 



(rpw) 


pressure 

ture, °H 

(ft/aec) 


tempera- 

through 





tin. Hg) 





ture, °R 

combustor 











C°F) 


Altitude operational 

inits | 

1 

8000 

50,000 

18 

680 

1.34 

79.3 

96 

0.0199 

1880 

1200 

0.867 

1 

8000 

50,000 

18 

680 

1.34 

79.3 

117 

.0243 

2100 

1420 

.862 

2 

8000 

8000 

7000 

60,000 

65.000 

60.000 

11 

8 

9 

710 

710 

660 

.86 

.65 

.77 

87.0 

70 

.0226 

1880 

1170 

.752 

6 

88.6 

55 

.0198 

1580 

920 

.654 

6 

7000 

7000 

6000 

6000 

5000 

60,000 

65,000. 

60,000 

65.000 

40.000 

9 

660 

660 

590 

590 

440 

.77 

88.6 

64 

.0231 

1640 

980 

.606 

10 

7 

.65 

.50 

.60 

94.8 

85.9 
92.4 
59.2 

34 

.01461 1275 | 685 

.639 

24 

7 

34 

.oi5a 

1090 

650 

.550 

24 

25 
20 

3000 

3000 

4000 

40.000 

50.000 

60.000 

7 

440 

.60 

59.2 
46.9 

70.2 

36 

.0167 

1100 _ 

660 

.528 

6 

480 

.56 

32 

.0159 

1040 

560 

.470 

18 

4000 

40,000 

10 

460 

.89 

67.0 

42 

.0131 

1040 

560 

.566 

14 

5000 

50,000 

8 

520 

.80 

81.6 . 

48 

.0167 

1080 

560 

.450 

16 

16 

5000 

5000 

60,000 

55,000 

5 

7 

520 

530 

.50 

.65 







77.2 

39 

.0167 

1010 

460 

.385 

16 

5000 

55,000 

7 

530 

.65 

77.2 

44 

.0188 

1080 

550 

.394 



Point 

Combustion efficiencies - reference condition 



661 

30.5 

620 

2.60 

82.8 

51 

0.0054 

1030 

410 

0.990 



662 

30.5 

620 

2.60 

82.8 

83 

.0088 

1230 

810 

.921 



663 

30.5 

620 

2.60 

62.8 

109 

.0116 

1405 

785 

.917 



664 

30.5 

620 

2.60 

82.8 

144 

.0154 

1660 . , 

.1040 

.943 



665 

30.5 

620 

2,60 

82.8 

171 

.0183 

1840 

1220 

.948 



666 

30.5 

620 

2.60 

82.8 

203 

.0217 

2045 

1425 

.953 



Combustion efficiencies - effect of 

pressure 



676 

16.9 

620 

1.45 

83.3 

35 

0.0066 

1080 

460 

0.927 



677 

16.9 

620 

1.45 

83.3 

56 

.0107 

1340 

720 

.909 



678 

16.9 

620 

1.45 

83.3 

79 

.0151 

1560 

940 

.862 



679 

16.9 

620 

1.45 

83.3 

100 

.0192 

1790 

1170 

.867 



680 

16.9 

620 

1.45 

83.3 

124 

.0238 

2020 

1400 

.858 




Combustion 

efficiencies - effect of temperature 





690 

50.5 

430 

3.72 

82.6 

53 

0.0040 

675 

245 

0.796 



691 

30.5 

430 

3.72 

82.6 

98 

.0073 

835 

405 

.719 



692 

30.5 

430 

3.72 

82.6 

144 

.0100 

1040 

610 

.747 



693 

30.5 

430 

3.72 

82.6' 

192 

.0143 

1240 

810 

.756 



694 

30.5 

430 

3.72 

82.6 

217 

.0162 

1360 

930 

.779 



695 

30.5 

430 

3.72 

82.6 

243 

.0181 

1475 

1045 

.789 



696 

30.5 

430 

3.72 

82,6 

272 

.0203 

1580 

1150 

.785 



Combustion efficiencies - effect of velocity ' 



667 

30.5 

620 

4.20 

134 

90 

0.0060 

1030 

410 

0.907 



668 

30.5 

620 

4.20 

134 

146 

.0096 

1215 

595 

.828 



669 

30.5 

620 

4.20 

134 

207 

.0137 

1410 

790 

-.791 



670 

30.5 

620 

4.20 

134 

274 

.0181 

1625 

1005 

.778 



671 

30.5 

620 

4.20 

134 

345 

.0229 

1840 

1220 

.769 



672 

30.5 

620 

1.00 

31. Q 

35 

.0097 

1350 

730 

.985 



675 

30.5 

820 

1.00 

31.8 

46 

.0128 

1570 

950 

1.02 



674 

30.5 

620 

1.00 

31.8 

62 

.0172 

1800 

1180 

.970 



675 

30.5 

620 

1.00 

31.8 

77 

.0214 

2010 

1390 

.940 
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TABLE I - FERPORMAHCE DATA PROM COMBUSTOR OPERATOR} WITH LXOJID MIL-F-562A FUEL DUBCTED BT SEVERAL DIPPEREHT METHODS - Contlmiad 


































2123 


MCA EM E51B21 


13 


TABLE I 


PERFORMANCE DATA FROM COMBUSTOR OPERATING Vim LKJJID KIL-P-S624 FUH. INJECTED BY SEVERAL DIFFERENT METHODS - Continued 


Co) Tube "A" Injector 



1 

tr 

Simulated 

engine 

speed 

(rp«) 

Siimlated 

altitude 

(«) 

Combos ton 
Inlet 
static 
pressure 
(in. Hg) 

Combustor- 
inlet 
tempera- 
ture, °H 

Air 

flow 

(lb/seo) 

Combustor 

reference 

relocitr 

(ft/seo) 

Puel 

flow 

(lb/hr) 

Fuel- 

air 

ratio 

Mean 

oombustop 
outlet 
tempera- 
ture, °R 

Mean tem- 
perature 
rise 
through 
combustor 
C°F) 

Combustion 

efficiency 

Altitude operational Unite | 

1 

■ I 
2 

6 

7 

7 

10 

10 

11 

24 

25 
IQ 
10 
20 
20 
21 
16 
15 

8000 

6000 

8000 

7000 

7000 

7000 

6000 

6000 

6000 

3000 

3000 

4000 

4000 

4000 

4000 

50,000 

50.000 

60.000 
60,000 
65,000 

65.000 

60.000 
60,000 

65.000 

40.000 

50.000 

40.000 

40.000 

50.000 
50,000 

18 

16 

11 

9 

6 

6 

7 

7 

5 

7 

695 

695 

720 

655 

660 

660 

600 

595 

580 

460 

1.34 

1.34 

.86 

.77 

.55 

.55 

.65 

.65 

.60 

,60 

81.0 
81.0 
88.2 
87.9 
94. S' 

94.8 
67.4 
86.6 

90.9 
59.2 

91 
118 
67 
58 
44 
. 43 
38 
43 
42 
52 

0.0189 

.0245 

.0216 

.0202 

.0222 

.0217 

.0162 

.0184 

.0233 

.0148 

1880 

2160 

1860 

1600 

1286 

1230 

1260 

1335 

985 

1110 

1185 

1465 

1140 

945 

625 

570 

660 

740 

406 

650 

0.902 

.885 

.768 

.861 

.392 

.365 

.554 

.554 

.237 

-584 

10 

10 

6 

6 

490 
460 
480 • 
480 

.69 

.89 

.56 

.56 

68.4 

64.2 

70.2 
70.2 

37 

34 

38 
34 

.0116 

.0106 

.0188 

.0169 

1260 

1110 

1160 

1060 

770 

650 

680 

580 

.892 

.809 

.486 

.459 

5000 

5000 

60J0OO 

55,000 

5 

7 

525 

525 

.50 

.65 

82l2 

76.4 

34 

34 

.0189 

.0145 

910 

1110 

585 

585 

.272 

-538 



Point 

Combustion efficiencies - reference condition | 



724 

725 

726 

727 

728 

729 

730 

30.5 

30.5 

30.5 

30.5 

30.5 

30.5 

30.5 

620 

620 

620 

620 

620 

620 

620 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

82.8 

82.8 

82.8 

82.8 

02.8 

82.8 

82.6 

61 

96 

124 

160 

203 

220 

175. 

0.0065 

.0102 

.0132 

.0171 

.0217 

.0235 

.0187 

1030 

1310 

1490 

1740 

2040 

2160 

1880 

410 

690 

870 

1120 

1420 

1540 

1260 

0.830 

.910 

.902 

.924 

.960 

.961 

.962 



Combustion 

efficiencies - effect of 

uressure | 



737 

738 

739 

740 

741 

742 

710 

711 

712 

713 

714 

44.4 

44.4 

44.4 

44.4 

44.4 

44.4 

16.9 

16.9 

16.9 

16.9 

16.9 

620 
620 
620 
620 
1 620 

620 
620 
620 
620 
620 
620 

3.78 

3.78 

3.78 

3.70 

3.78 

3.78 

1.44 

1.44 

1.44 

1.44 

1.44 

82.8 

82.8 

82.8 

82.8 

82.8 

82.8 

82.8 

82.8 

82.8 

82.6 

82.6 

07 

120 

170 

208 

249 

298 

34 

54 

77 

97 

120 

0.0064 

.0088 

.0125 

.0153 

.0183 

.0219 

.0066 

.0104 

.0148 

.0187 

.0232 

1070 

1250 

1490 

1680 

I860 

2110 

1080 ‘ 

1270 

1510 

1810 

2035 

450 

630 

870 

1060 

1260 

1490 

460 

660 

890 

1190 

1416 

0.929 

.959 

.955 

.968 

.981 

.991 

.927 

.641 

.828 

.904 

.689 



Combustion efficiencies - effect of teaperature 



743 

744 

745 

746 

747 

748 

749 

750 

751 

752 

753 

30.5 

30.5 

30.5 

30.5 

30.5 

30.5 

30.5 

M.6 

30.5 

30.5 

30.5 

810 

810 

810 

810 

810 

435 

455 

430 

430 

430 

430 

2.00 

2.00 

2.00 

2.00 

2.00 

3.70 

3.70 

3.70 

3.70 

3.70 

3.70 

83.2 

83.2 

83.2 

83.2 

83.2 

82.6 

82.6 

01.7 

81.7 

01.7 

81.7 

54 

75 

102 

125 

159 

88 

139 

189 

244 

286 

337 

0.0076 

.0104 

.0142 

.0174 

.0221 

.0066 

.0104 

.0142 

.0183 

.0215 

.0253 

1285 

1450 

1710 

1920 

2185 

820 

1020 

1220 

1510 

1710 

1960 

475 

640 

900 

1110 

1376 

365 

585 

790 

1080 

1280 

1530 

0,665 

.855 

.902 

.926 

.926 

.754 

.736 

.744 

.809 

.835 

.668 



Conbustion efficiencies - ef 

feet of 

Telocit 

7 ■ - 



731 

732 

733 

734 

735 

736 

707 

708 

709 

BO. 5 

80.5 

30.5 
30.5 
30.5 
30.5 

30.5 
30. S 

30.6 

620 

620 

620 

620 

620 

620 

620 

620 

620 

4.20 
4.20 
4. 20 
4.20 
4.20 
4.20 
1.00 
1.00 
1.00 

134 

134 

134 

154 

134 

134 

31.8 

31.8 

31.8 

95 

154 

203 

247 

290 

339 

54 

71 

82 

0.0062 

.0102 

.0134 

.0163 

.0192 

.0224 

.0160 

.0197 

.0228 

1035 

1260 

1430 

1590 

1750 

1960 

1635 

1865 

2060 

415 

640 

610 

970 

1130 

1340 

1015 

1265 

1440 

0.872 

.846 

.827 

.828 

.834 

.864 

.942 

.916 

.922 
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table i - Performance data from combustor operating with liqjjid mxl-f-S624 fuel injected by several diffibent methods - continues 

(d) "Spoke" lnjeotor 


Point 

Simulated 

engine 

speed 

(rpm) 

Simulated 

altitude 

(ft) 

Combustor 
inlet ' 
static 
pleasure 
(in, Hg) 

Combu a top- 
inlet 
tempera- 
ture, °R 

Air 
, flow 
(ib/seo) 

Combustor 

reference 

Telocity 

(ft/eec; 

Fuel 

flow 

(lb/br) 

Fuel- 

air 

ratio 

Mean 

combustor 
outlet 
tempera- 
tore, °R 

Mean tem- 
perature 
rise 
through 
combustor 
C°F) 

Combustion 

efficiency 


Altitude 

operational limits 



24 

3000 

40,000 

7 

440 

0.60 

59.2 

34 

0.0158 

930 

490 

0.409 

23 

3000 

30,000 

12 

440 

.89 

51.1 

67 

.0209 

1035 

595 

.381 

23 

3000 

30,000 

12 

440 

.89 

51.1 

88 

.0275 

1160 

720 

.356 

18 

4000 

40,000 

10 

480 

.89 

67.0 

54 

.0169 

1070 

590 

.467 

ia 

4000 

40,000 

10 

480 

.89 

67.0 

50 

.0158 

1080 

600 

.512 

20 

4000 

50,000 

6 

480 

.56 

70.2 

35 

.0174 

960 

480 

.367 

19 

4000 . 

45,000 

8 

480 

.72 

66.8 

45 

.0174 

1040 

560 

.430 

14 

5000 

50,000 

8 

530 

.80 

83,2 

42 

.0146 

990 

460 

.419 

14 

5000 

50,000. 

8 

530 

.80 

83.2 

44 

.0153 

1040 

510 , 

.446 













12 

5000 

40,000 

14 

520 

1.27 

74io 

79 

.0173 1 1080 

560 

.436 













8 

6000 

50,000 

12 

590 

1.05 

80.9 

62 

.0164 

1320 

730 

.60S 

8 

6000 

50,000 

12 

590 

1.05 

80.9 

53 

.0140 

1285 

695 

.664 

6 

7000 

60,000 

9 

660 

.77 

88.6 

44 

.0159 

1355 

675 

.586 

4 

7000 

50,000 

15 

660 

1.22 

82.8 

92 

.0209 

1580 

930 

.626 

6 

7000 

55,000 

12 

650 

1.00 

84. 9‘ 

79 

.0219 

1580 

930 

.600 

2 

0000 

60,000 

11 

710 

.86 

87.0 

83 

.0268 

1985 

1275 

.703 

2 

8000 

60,000 

11 

710 

.86 

87.0 

78 

.0246 

1880 

1170 

.696 

3 

eooo 

65,000 

8 

710 

.66 

90.4 




-No combustion 




Point 


Combust io 

n effici< 

ncles - re 

ference condi tiorf 




792 

30.5 

620 . 

2.60 

82.8 

123 

0.0132 

860 

240 

0.243 



793 

30.5 

620. 

2.60 

82.8 

176 

.0188 

1160 

640 

.393 



‘794 

30.5 

620 

2.60 

82.8 

214 

.0229 

1650 

1030 

.640 



795 

30.5 

620 

2.60 

82.8 

248 

.0265 

1970 

1350 

.744 





Combustion efficiencies - effect of 

pressur 

e 




801 

44.4 

620 

3.78 

82.8 

140 

0.0103 

1065 

465 

0.603 



802 

44.4 

620 

3.78 

82. B 

175 

.0128 

1285 

665 

.702 



803 

44.4 

. 620 

3.78 

82.8 

213 

.0156 

1490 

070 

.769 



604 

44.4 

620 

3.78 

82.8 

251 

.0184 

1890 

1070 

.010 



■805 

44.4 

620 

3.78 

82.8 

296 

.0217 

1945 

1325 

.879 



786 

16.9 

620 

1.44 

82.0 

43 

.0083 

1035 

415 

.662 



787 

16.9 

620 

1.44 

82.8 

78 

.0150 

1110 

490 

.441 



788 

16.9 

620 

1.44 

82.0 

106 

.0205 

1240 

620 

.418 



789 

16.9 

620 

1.44 

82.8 

138 

.0266 

1440 

820 

.436 



790 

16.9 

620 

1.44 

82.8 

174 

.0336 

1750 

mo 

.484 



781 

18.9 

620 

1.44 

82.8 

207 

.0400 

1910 

1290 

.486 





Combustion 

efficiencies - effect of temperature 





806 

30.5 

805 

2,00 

82.7 

76 

0.0105 

1335 

530 

0.694 



807 

30.5 . 

805 

2.00 

82.7 

118 

.0164 

1560 

755 

.654 



808 

30.5 

805 

2.00 

82.7 

159 

.0221 

1810 

1005 

.665 



809 

30.5 

805 . 

2.00 

82.7 

203 

.0282 

2190 

1385 

.744 



754 

30.5 • 

440 

3.70 

83.6 

118 

.0088 

810 

370 

.342 



756 

30.5 

440 

3.70 

83.6 

154 

.0116 

1010 

570 

.648 



756 

30.5 

440 

3.70 

83.6 

188 

.0141 

1200 

760 

.720 



767 

.30.5 

435 

3.70 

82.6 

227 

.0170 

1410 

975 

.778 



758 

30.5 

435 

3.70 

82.6 

269 

.0202 

1595 

1160 

.801 



769 

' 30.5 

435 

3.70 

82.6 

298 

.0224 

1760 

1325 

.033 



760 

30.5 

. 430 

3.70 . 

81.7 

332 

.0249 

1830 

1400 

.790 





Combustion efficiencies - effect of 

velocity 





790 

30.6 

620 

4.20 

154 

159 

0.0105 

1135 

515 

0.656 



797 

30.5 

620 

4.20 

134 

198 

.0131 

1290 

670 

.695 



798 

30.6 

620 

4.20 

134 

229 

.0151 

1450 

810 . 

.736 



799 

30.5 

620 

4.20 

134 

268 

.0177 

1620 

1000 

.791 



800 

30.5 

620 

4.20 

134 

300 

.0198 

1770 

1150 

.824 



781 

30.5 

620 

1.00 

82.8 

35 

.0097 

1250 

630 

.072 



782 

30.5 

620 

1 00 

62.8 

56 

.0156 

1320 

700 

.616 



783 

30.5 . 

620 

1.00 

82.8 

80 

.0222 

1510 

690 

.563 



784 

30.5 

620 

1.00 

82.8 

100 

.0278 

2085 

1465 

.778 



785 

30.5 

620 

1.00 

82.8 

86 

.0239 

1780 

1140 

.684 


£ZIZ 



2123 


NACA EM E51321 


15 


TABLE I - PERFORMANCE DATA FROM COMBUSTOR OPERATIEd WITS LIQUID (CL-F-56S* FUEL INJECTED BY SEVERAL DIFFERENT METHODS 



Point 

Simulated 

engine 

Simulated 

altitude 

(«) 

Combustor 
inlet 
static 
pressure 
[la. Hg) 

Combus tor- 
inlet 
tempera- 
ture, °H 

Air 

flow 

(lb/seo) 

Coatustor 

reference 

velooity 

(ft/sscj 

Fuel 

flow 

(lb/hr) 

Fuel- 

air 

ratio 

Mean. 

combustor 
outlet 
tempera- 
ture, °R 

Mean tem- 
perature 
rise 
through 
combustor 
. (°F) 

Combustion 

efficiency 





Altitude operational 

limits 





24 

3000 

40,000 

7 

440 

0.60 

59.2 



—Ho combustion 


22 

3000 

20,000 

18 

450 

1.24 

— 

55 

0.0123 

1220 

770 

0.832 

23 

3000 

30,000 

12 

460 

.90 

54.0 

41 

.0126 

1120 

560 

.751 

18 

4000 

40,000 

10 

450 

.69 

62.8 

34 

.0106 

1040 

590 

.731 



















82.4 

■ sr mo 

i i 

13 

5000 

45,000 

U 

525 

1.00 

34 

.0094 

1080 

555 

.776 

2 

6000 

60,000 

11 

720 

.86 

88.2 

54 

.0174 

1660 

940 

.762 

2 

3000 

60,000 

11 

720 

.86 

88.2 

60 

.0194 

1810 

1030 

-807 

1 

0000 

50,000 

18 

700 

1.34 

81.6 

93 

.13193 

1880 

1180 

.860 

6 

7000 

60,000 

9 

655 

.77 

67.9 

55 

.0198 

1580 

925 

.857 



65, 000 








tion 


10 

5000 

60,000 

7 

600 

.65 

' 87.4 

38 

.0162 

1240 

640 

.536 

10 

6000 

60,000 

7 

600 

.65 

87.4 

44 

.0188 

1280 

680 

.504 

11 

6000 

65,000 

5 

5S0 

.50 

92.4 



—Mo combustion 




Point 

Combustion efficiencies - reference condition I 



852 

30.5 

620 

2.60 

62.8 

67 

0.0072 

1135 

515 

0.956 



853 

30.5 

620 

2.60 

82.8 

95 

.0102 

1310 

690 

-916 



854 

30.5 

620 

2.60 

62.8 

124 

.0132 

1460 

640 

.870 



855 

30.5 

623 

2.60 

62.6 

159 

.0170 

1735 

1115 

.923 



856 

30.5 

620 

2.60 

82.8 

183 

.0196 

1910 

1230 

.944 



857 

30.5 

620 

2.50 

82.8 

207 

.0221 

2060 

1440 

.948 



Combustioc 

efficienciea - effect of 

pressure 



865 

44.4 

620 

3.80 

83.2 

62 

0.0045 

960 

340 

0.980 



867 

44.4 

620 

3.80 

83.2 

142 

.0104 

1360 

740 

.965 



868 

44.4 

620 

3.80 

83.2 

175 

.0128 

1535 

9X5 

.906 



869 

44.4 

620 

3.80 

83.2 

215 

.0157 

1710 

1090 

.972 



670 

44.4 

620 

3.80 

83.2 

253 

.0185 

1900 

1200 . 

.988 



871 

44.4 

620 

3.80 

83.2 

296 

.0218 

2110 

1490 

.993 



846 

16.9 

620 

1.44 

82.8 

58 

.0112 

1410 

790 

.961 



847 

16.9 

620 

1.44 

82.8 

75 

.0145 

1610 

990 

.951 



848 

16.9 

620 

1.44 

82.8 

93 

.0179 

1785 

1165 

.919 



849 

16.9 

620 

1.44 

62.6 

114 

.0220 

2010 

1390 

.915 



850 

16.9 

620 

1.44 

02,8 

132 

.0255 

2210 

1590 

.923 




Combustion 

efficiencies - effect of temperature 





872 

30.5 

810 

2.00 

83.2 

34 

0.0047 

1160 

350 

0.995 



873 

30.5 

810 

2.00 

83-2 

55 

.0076 

1360 

550 

.985 



874 

30.5 

610 

2.00 

83.2 

. 80 

.0111 

1560 

750 

.9*2 



875 

30.5 

810 

2.00 

83.2 

108 

.0150 

1810 

1000 . 

.954 



876 

30.6 

810 

2.00 

83.2 

134 

.0186 

2010 

1200 

.9*3 



877 

30.5 

810 

2.00 

33.2 

154 

.0214 

2160 

1350 

.937 



823 

30.5 

440 

5.70 

83.6 

140 

.0105 

N 1020 

580 

.72* 



824 

30.5 

435 

3-70 

82.6 

181 

.0136 

1210 

775 

.760 



825 

30.5 

430 

3.70 

81.7 

223 

.0168 

1440 

1010 

.820 



826 

30.5 

430 

3.70 

81.7 

284 

.0198 

1680 

1230 

.852 



827 

30.5 

430 

3.70 

81.7 

295 

15222 

1790 

1360 

.86* 



828 

30.5 

430 

3.70 

81.7 

327 

.0246 

1940 

1510 

.879 



Combustion efficiencies - effect of velocity 

. . . . 



859 

30.5 

620 

4.20 

134 

146 

0.0098 

1235 

615 

0.857 



860 

30.5 

620 

4.20 

134 

200 

.0132 

1420 

800 

.828 



861 

30.5 

620 

4.20 

134 

252 

.0166 

1635 

1015 

.852 



862 

30.5 

620 

4.20 

134 

295 

.0195 

1780 

1160 

.845 



864 

30.5 

620 

4.20 

134 

310 

.0205 

1835 

1215 

.846 



838 

30.5 

620 

1.00 

31.8 

45 

.0125 

1510 

890 

.978 



839 

30.5 

620 

1.00 

31.8 

54 

.0150 

1685 

1065 

.991 



840 

30.5 

620 

1.00 

31.8 

65 

.0183 

1835 

1215 

.970 



842 

30.5 

620 

1.00 

31.8 

74 

.0206 

2010 

1390 

.971 



843 

30.5 

620 

1.00 

31.8 

■83 

.0231 

2110 

1490 

.944 


Continued 
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TABLE I - PERFORMANCE DATA FROM COMBUSTOR OPERATXHQ WITH LIQPID ML- F- 56 2 4 FUEL INJECTED BY SEVERAL DIFFERENT METHODS 



Point 

Simulated 

engine 

speed 

(rpa) 

Simulated 

altitude 

<«) 

Combustor- 

lnlet 
etatio 
pressure 
Un. Hg) 

Oombustorw 
Inlet 
tempera- 
ture, °R 

Air 

flow 

(ib/eeo) 

Combuetor 
reference 
velocity 
(f t/eeo; 

Fuel 

flow 

(lb/hr) 

Fuel- 

air 

ratio 

Mean 

combustor- 
outlet 
tempera- 
ture, °R 

Mean tem- 
perature 
rise 
through 
combustor 

Combustion 

efficiency 


lltltude operational 

limits | 

24 

5000 

40,000 

7 

450 

0.6 

60.5 

— -j j— No oombui 

1 

22 

5000 

20 ' 000 

18 

510 

1.24 

55.1 

52 

O.Ollg 1220 

~710 

o.ai4 

1.8 

4000 

AO, 000 

12 

470 

.9 

66.5 



— No combustion 


17 

4000 

50,000 

IB 

495 

1.57 

70.9 

48 

.0097 

1090 

595 

.806 




14 

525 

1.27 

74.6 

45 ’ 

.0098 

1080 

555 

.745 

14 

5000 

50 ' 000 

8 

525 

.8 

82.4 



— No combustion 


1 

8000 

50,000 

18 

680 

1.34 

79.3 

97 

.0201 

1910 

1230 

.882 

2 

0000 

60,000 

11 

710 

.86 

67.0 

52 

.0168 

1610 

. 906 

.755 

6 

7000 

60,000 

-9 

660 

.77 

87.2 



— Mo combustion 


4 

7000 

50,000 

16 

660 

1.22 . 

64.1 

66 

.0150 

1580 

920 

.852 

8 

GOOD 

50,000 

12 

' 600 

1.05 

82.3 

65 

.0140 

1560 

960 

.946 

8 

6000 

50,000 

12 

600 

1.06 

82.: 

41 

.0108 

1360 

780 

.948 

9 

6000 

55,000 

9 

590 

.85 

87.4 

41 

.0134 

1285 

695 

.703 

10 

6000 

50,000 

7 

590 

.65 

85.9 



—No combustion 




Point 


Ooabustioc 

effloier 

ides - ref 

erence condition 

-1 



086 

30.5 

620 

2.60 

82.0 

62 

0.0056 

1000 

300 

0.897 



087 

30.5 

620 

2.60 

82.8 

86 

.0092] 

1185 

565 

.822 



000 

30.5 ‘ 

620 

2.60 

82.8 

122 

.0150 

1410 

790 

.828 



889 

30.5 

620 

2.60 

82.8 

166 

.0177 

1680 

1080 

.840 



090 

30.5 

620 

2.60 

82.0 

207 

.0221 

1980 

1380 

.890 



091 

30.5 

620 

2.60 

02.8 

233 

.0249 

2180 

1540 

.910 



Combustion efficiencies - effect of pressure 



907 

44.4 

620 

3.78 

02.6 

77 

0.0056 

1000 


0.861 



908 

44.4 

620 

3.78 

82.8 

123 

.0090 

1240 

620 

.921 



909 

44.4 

620 

3.78 

02.8 

176 

.0129 

■ 1480 

860 

.913 



910 

44.4 

620 

3.78 

82.8 

227 . 

.0187 

1735 

1115 

.942 



911 

44.4 

620 

3.78 

02.8 

289 

.0212 

2000 

1580 

.940 



902 

16.9 

620 

1.44 

82.8 

39 

.0075 

1150 

530 

.938 



905 

16.9 

820 

1.44 

82.6 

58 

.0112 

1310 

630 

.834 



904 

16.9 

620 

1.44 

82.6 

77 

.0140 

1510 

890 

.828 



905 

16.9 

620 

1.44 

82.8 

98 

.0189 

1735 

1115 

.835 



906 

16.9 

620 

1.44 

82.8 

118 

.0228 

1960 

1340 

.852 



* 

Combustion 

efficlenciee - effect of temperature 





912 

30.5 

800 

2.00 

82.2 

62 

0.0086 

1590 

530 

0.941 



915 

30.5 

810 

2.00 

83.2 

81 

.0112 

1545 

735 

.912 



914 

30.5 

810 

2.00 

83.2. 

105 

.0146 

1740 

930 

.909 



915 

30.6 

805 

2.00 

82.7 

155 

.0188 

1980 

1175 

.914 



916 

30.5 

805 

2.00 

82.7 

160 

.0222 

2160 

1356 

.908 



892 

30.5 

435 

3.72 

83.0 

102 

.0076 

845 

410 

.698 



893 

30.5 

435 . 

3.72 

83.0 

151 

.0113 

1030 

595 

.693 



894 

30.6 

435 

3.72 

83.0 

202 

.0151 

1260 

825 

.734 



895 

30.5 

435 

3.72 

83.0 

257 

.0192 

1550- 

1115 

.801 



896 

30.5 

435 

3.72 

83.0 

306 

.0228 

I860 

1425 

.884 



Combustion 

efficiencies - effect of velocity j 



917 

30.6 

620 

4.20 

134 

102 

0.0067 

1060 

440 




918 

30.6 

620 

4.20 

.134 

191 

.0106 

1240 

620 

.764 



919 

30.5 

620 

4.20 

134 

225 

.0149 

1485 

865 

.802 



920 

30.6 

620 

4.20 

134 

283 

.0187 

1660 

1040 

.782 



921 

30.5 

620 

4.20 

154 

344 

.0227 

1870 

1250 

.792 



097 

30.5 

620 

1.00 

31.8 

34 

.0094 

1280 

840 

.911 



898 

30.5 

620 

1.00 

31.6 

46 

.0128 

1510 

890 

.958 



899 

30.5 

620 

• 1.00 

31.8 

59 

.0164 

1680 

1040 

.889 


* 

900 

30.5 

620 

1.00 

31.8 

76 

.0211 

1870 

1250 

.649 



901 

30.6 

620 

1.00 

31.6 

91 

.0253 

2060 

1440 

-834 


- Concluded 



20-1968 


Linked regulating 



Figure 1 . - Diagrammatic sketch ctf 
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(d) Tube "C" injector. 

Figure 4. - Concluded, Diagrammatic sketch of liquid MIL-F-5624 fuel Injectors 
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(a) Inlet tenpeiatcre and pressure. Flight Mach 0. 
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Engi ne speed, rpm 



Engine speed, percent nomal rated 


(b) Outlet temperature and air flew. Flight Mach nuaber, 0. 
Figure 5. - C onclude d. Control chart for single ccetoustor Investigated 





Altitude 
















Altitude 
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70,000 


O Required combustor temperature rise attainable 
□ Required combustor temperature rise unattainable 
a No combustion obtainable 


(c) Tube "A" injector 


Engine rotor speed, rpm 


40 50 60 70 80 90 100 110 

Engine rotor speed, percent normal rated 

(d) "Spohe" injector. 

Figure 6. - Continued. Altitude operational limits and combustion effieien 
cies of single tubular combustor operating with liquid MIL-F-5624 fuel 
injected with six fuel- injector designs. Simulated flight Mach number, 0 
(Point numbers listed in table I.) 
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o Required, combustor temperature rise attainable 
o Required, combustor temperature rise unattainable 
a No combustion obtainable 




Engine rotor speed, rpm 


50 60 70 80 90 

Engine rotor speed, percent normal rated 


(f) Tube "C" injector. 


Figure 6. - Concluded. Altitude operational limits and combustion efficien 
cies of single tubular combustor operating with liquid MTL-F-5624 fuel 
injected with six fuel-injector designs. Simulated flight Mach number, 0 
(Point numbers listed in table I.) 
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70,000 


60,000 


50,000 


40,000 


30,000 


20,000 

3000 4000 5000 6000 7000 8000 

Engine rotor speed, rpm 

I I I I I 1_ 1 I 

40 50 60. 70 80 90 100 110 

Engine rotor speed, percent normal rated 

Figure 7. - Comparison of altitude operational limits of single tubular 
combustor operating with liquid MIL-F-5624 fuel injected by six 
different methods. Simulated flight Mach number, 0. 
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Casbuotor inlet-air temperature, °F 
(b) Temperature rise, 1200° F, 

Figure 9. - Concluded. Variation of cajfcuetlc® efficiency with inlet-air temperature of 
tubular combustor operating with liquid M1L-F-5624 fuel injected by six different 
methods. Combustor conditions: pressure, 15 pounds per square inch absolute; velocity, 

80 feet per second. 
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Injector 

Duplex 
Simplex 
Tube "A" 




Tube "B" 
Tube "C" 


Combustor reference velocity (based on mw.vtTmirn cross-sectional area), ft/sec 

(a) Temperature rise, 650° F. 

Figure 10. - Variation of combustion efficiency vith reference velocity of tubular 
combustor operating vith liquid MIL-F-5624 fuel injected by six different methods. 
Combustor conditions: pressure, 15 pounds per square inch absolute; temperature, 160° F. 
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Combustor inlet-air static pressure, lb/sq in. abs. 


(b) Temperature rise, 1200° F. 

Figure 12. - Variation of combustion efficiency with inlet-air static pressure of 
tubular combustor operating with liquid MIL-F-5624 and gaseous propane fuels. 
Combustor conditions: temperature, 160° Fj velocity, 80 feet per second. 
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(b) Temperature rise, 1200° P. 


Figure 14. - Variation of combustion efficiency vith reference velocity of tubular 
combustor operating with, liquid MIL-F-5624 and gaseous propane fuels . Combustor 
conditions: pressure, 15 pounds per square inch absolute) temperature, 160° F. 
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